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Pome Measures of Photographs of the Pleiades at the Oxford Uni¬ 
versity Observatory. By Professor H. H. Turner, M.A., B.Sc. 

1. The late Professor Pritchard directed his assistants to take 
a number of photographs of the Pleiades with the Astrographic 
Equatorial, to be accurately measured with the micrometer. His 
original intention was to discuss the results for relative parallax 
of the individual stars ; while he expected at the same time to 
gain experience in the measurement and reduction of stellar 
photographs taken with this instrument, for use in discussing the 
plates of the Astrographic Chart. Various difficulties arose in 
the course of the work, which made him doubtful of being able to 
carry out satisfactorily his original schemes ; but he expressed the 
hope that “ at all events the attempt would issue in a catalogue of 
the coordinates of all the stars therein up to magnitude 12 ” 
{Monthly Notices , vol. liii. p. 249). 

2. On being appointed to succeed Professor Pritchard, it 
was one of my first cares to examine the actual state of this 
work, the latest initiated by him. The Padcliffe Observer* 
who had kindly undertaken the supervision of the work of the 
University Observatory in the interval between the death of 
Professor Pritchard and the appointment of a successor, had 
very naturally directed that this work should be continued 
without change on the lines laid down by my illustrious prede¬ 
cessor. 

3. The following is a brief statement of the position of the 
work as I found it at the end of 1893 December. 

Seventy plates of the Pleiades group had been taken between 
1892 August 11 and 1893 March 4. 

Three plates had been completely measured in a micrometer 
constructed by Messrs. Troughton and Simms, furnished with a 
micrometer screw (in one coordinate only) reading to c mm *oi 
(o mm *ooi by estimation) : all stars visible within a radius of 40' 
from Alcyone having been measured by reference to the riseau 
lines : viz.— 

Plate 252, exposed for 6 m on 1892 December 12 ; 
r 259, „ 7™ „ „ „ 13 ; 

„ 294, „ 2 m „ 1893 February 10 ; 

also a few of the brightest stars on plates 120, 121, 128, 129, 
151,152, 153, and 258, but the measures of these eight plates were 
made with a different micrometer furnished with ten wires. 

Reductions .—The focal length of the telescope (or scale in arc 
of the photograph) had been discussed for eight plates ; the orien¬ 
tation for nine plates; and the rectilinear measures of a few 
stars had been corrected for refraction, precession, aberration and 
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490 Prof. Turner , Oxford Measures liv. 8* 

nutation, converted into differences of R.A. and Decl. from 
Alcyone , and compared with the corresponding differences found 
by Elkin with the heliometer in 1885, reduced to the epoch 
1892*0. 

But as not more than ten to fifteen stars had been measured,, 
except on plates 252,259, and 294,1 thought it desirable to discuss 
these three plates first, before having time spent upon the comple¬ 
tion of the measurement of the other plates. 

4. It further appeared that this work had occupied consider¬ 
able time; and that, if the original intention of Professor Pritchard 
were carried out completely, the pressing work of dealing in some 
way or other with the accumulated photographs of the Astra- 
graphic Chart must be delayed for some years. 

5. I therefore decided to terminate this work (which I believe 
Professor Pritchard only meant to be preliminary to that of 
dealing with the Chart photographs) as speedily as possible, so 
far as was consistent with making a proper use of the time 
already expended. The method of reduction of the plates, by 
differences of R. A. and Deck, which had been found very tedious 
and not free from pitfalls, was at once changed for that of dis¬ 
cussion in rectilinear coordinates such as I have recently suggested 
(Monthly Notices , vol. liv. p. 11). As a consequence, the reductions 
of the three plates which had been more fully measured were 
rapidly completed, and the results which follow will, I hope, be 
found of value from three points of view : 

(1) As throwing further light on the accuracy to be reasonably 
expected from measures of stellar photographs. 

(2) As giving a series of relative positions of the Pleiades at 
the epoch in question. 

(3) As illustrating some advantages of the method of dis^ 
cussion by rectilinear coordinates, which I think have not hitherto 
been sufficiently recognised. 

6. The method of reduction adopted may be briefly explained 
as follows. The positions of the stars given by Elkin for 
1885*0* were brought up to 1892*0, and were used to find the 
quantities 


t = 180x60 tan (a — A) sin q 
v ' cos (P — q) 

where 


T) = 


180 x 60 

TT 


. tan (P-?) ; 


A, P are the R.A. and N.P.D. of Alcyone , 
a, p ,, „ „ of any other star. 


and tan j = tan p . cos (a—A). 


[In practice these formulae may be simplified into approxi- 

* Transactions of the Yale University Observatory , vol. i. part 1, 
pp. 86 and 87. 
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mate formulae ; but I give them in their geometrical form, as 
quoted in my paper above referred to.] 

£ and 77 are thus the rectangular coordinates which any star 
would have with reference to Alcyone on a photographic plate 
free from all errors, with Alcyone at its centre; the coordinates 
being measured parallel and perpendicular to the equator 
respectively, and expressed in minutes of arc. Our actual plate 
is affected by refraction and aberration ; the coordinates are 
measured only approximately in the proper directions, and we 
only know the scale value approximately. Further, there are 
accidental deviations from flatness in the plate, and optical 
and photographic distortions. These last we must neglect as 
accidental, but all the former we may consider sensibly allowed 
for by linear corrections. If x, y be the measured coordinates 
of a star in millimetres, and affected with the above sources of 
error, then 

X — £ « + c 

y- V = dZ+e7i+f, 

where a , 5 , c, d } e, f are six constants for the plate, whose values 
are small. Theoretically the six measured coordinates of three 
stars are sufficient to give these six constants • but practically it is 
better to use many or all the measures, and solve the resulting 
equations by least squares or an equivalent process. 

7. Thus the places given by Elkin having ones been con¬ 
verted into £s and 77 s, all we have to do is to form the differences 
x —£, y —?? for the stars on any plate, and solve a series of equations 
of the above form. It will be remarked that the coefficients of 
a, h , c, d , e,f on the right of the equations are £,77, 1, and are 
thus the same for all plates and for both sets of equations. 
Much of the arithmetic in this particular case of measuring several 
plates of the same region can therefore be saved. This advantage 
is gained by starting with the given places (Elkin’s) and reducing 
them to compare with the measured. It disappears when we 
start with the measured places (varying for each plate) and work 
back to the given places. 

8. Having got a , b f c, d, e,f the formation of the quantities 

r x =x-Z-(at + bri + c) 
r y =y-ri-(dZ + eii +f) 


is very simple, and r M r y then represent proper motion -f accidental 
error for any star. If stars not given by Elkin are measured 
on the plate, we can deduce their positions (£, 77) as they would 
be on his system from the equations 

a?=(i +a) | + brj + c 
y = dt + (l + e)v+f, 
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492 Prof. Turner , Oxford Measures liv. 8, 

or rather their equivalents 

A . £ = (i + e) x — hy~c(i+e)+bf 
A.t]= —dx+(i+ci ) y—f{ i + a) + cd, 

where 

A = i + a + e + ac — bcl, 

which, if a , b , c, &c., are small, become sensibly 

£ = (l — a) x — by — c 
V= —dx + (i—e) y—f. 

9. In the following table (Table I.) are given : 

Column 1. The star’s number in Elkin’s paper above referred 
to (Transactions of the Yale University Observatory , vol. i. part 1, 
pp. 86 and 87). 

Columns 2 and 6. The coordinates £ and representing 
the rectangular coordinates of a star on a perfect plate with 
Alcyone as centre, according to Elkin’s places. 

Columns 3 to 5. The simple differences between the measured 
coordinates in the £ direction on each plate, and those on a 
hypothetically perfect plate as above. 

Columns 7 to 9. The similar differences for the ?? coordinates. 
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to. To find the coefficients b , c, d, e , /, the following 
four groups of stars were selected : 

Nos. 3, 5, 6, 7, 13, 15, 21 = Group I. 

„ 30,40,41 = ,, II. 

„ 34,43,46,47 = „ III. 

55, 5 6 , 6 °, 6 3, 64 = „ IV. 

The mean coordinates of each group are roughly as follows : 


Group 

I. 

-30 

/ 

0 

,, 

II. 

0 

+ 30 

,, 

III. 

0 

-30 

»» 

IV. 

+ 30 

0 


the four resulting equations being thus well adapted to the deter¬ 
mination of the quantities a , 5 , c , d , /. 

11. Although scarcely necessary, an example may perhaps 
be given of the formation of one pair of the equations ; say that 
for Plate 252, Group I. : 


No. in 
Elkin. 



V 

y-v 

n 

0 

-42-345 

-0-326 

+ 1-363 

—0-003 

5 

-36760 

—0*276 

+ I0-803 

+ 0-062 

6 

-35722 

-0-271 

+ 0*238 

—0-016 

7 

-32-578 

-0-239 

+ 9-263 

+ 0-052 

13 

—28 029 

— 0-212 

- 4 AI 3 

-0-046 

15 

-25-931 

— 0-I90 

“ I- 5 I 5 

-0-031 

21 

— 22'208 

— OI69 

“ 4*157 

—0-042 

Mean 

- 3 I -9390 

— 0-2404 

+ 1*6546 

-0-0034 


The resulting equations are thus— 

— 31 ‘9390a +1 *6 5466 + c = — 0-2404 
-31*9390^ +1-65465+/= -0-0034 

For the same group in other plates, columns 2 and 4 need not 
be repeated. 

12. The following Table II. gives a summary of the numbers 
entering into the equations. The coefficients of a and b (or of d 
and e) are given in the second and third columns ; the means of 
x—% in columns 4 to 6, and the means of y-rj in columns 7 to 9. 
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liv. 8 , 


13. The resulting values of a , h , c, d, e , / are given in 
Table III. below : 


Plate. 


Table III. 

c 


252 + 0*00773 + 0*00016 —000535 +0*00015 

259 +000780 —0-00099 +0-00992 +000094 

294 +000783 +0*00155 —0-00218 —0*00163 +000777 +0*00090 


d e f 

+ OOO778 +0*01257 

+ 0*00780 —0*00838 


14. Substituting these values in the expressions 


r x = tf-£-(a| + fo? + c) 
r y =y-^_(£f| + ^+/) 


we get the values for r x and r y , shown in Table TV. ; the values 
being shown in seconds of arc as a more familiar unit for small 
quantities. 

Table IY. 


Name or No. in 

EITHn- 

Plate 

252 

r s 

Plate 

259 

r x 

Plate 

294 

Mean. 

Plate 

252 

r y 

Plate 

259 

r y 

Plate 

294 

r v 

Mean. 


3 

// 

+ 0-21 

// 

— 002 

H „ 

+ 0-08 

+ 0-09 

h 

— 0*24 

// 

— 069 

n 

— 012 

u 

-o -35 

Oelseno 

5 

— 0*12 

-O23 

— 002 

— 012 

+ 0-34 

+ 0*21 

+ 0*31 

+ 0-29 

Electra 

6 

— 0*04 

+ 019 

+ 0-70 

— 0-28 

+ 0*10 

-179 

-0*05 

—0*58 


7 

— 04I 

+ 0*20 

— 0-29 

— 0-17 

+ 0*24 

+ 0*21 

-0-69 

-0*08 


8 

— 002 

-0*23 

+ 013 

— 0*04 

— 0*20 

— 019 

-0-72 

- 0‘37 

Taygeta 

10 

+ 0-04 

+ 002 

-O-IO 

- 001 

- TOO 

- 0‘95 

-015 

—070 


13 

-005 

- 0'37 

-0-29 

— 0-24 

— 0*20 

+ 0-07 

-0-44 

—0-19 


14 

-0*10 

-0*51 

-o *53 

-0*38 

— 0*19 

+ 0-14 

—0*08 

-0*04 


IS 

-0*36 

+ 008 

-o *45 

— 0*24 

+ 0*27 

— 008 

+ 0-05 

+ 008 


1 7 

— 0*40 

—022 

+ 0*03 

— 0*20 

— 0*06 

—0*07 

— o*oS 

-0*07 


18 

-o *34 

—078 

-073 

— 0*62 

—0*52 

+ 0*11 

+ 0*23 

—0*06 


19 

— 0*02 

—0*52 

-o*68 

— 0*41 

-0*20 

+ 0*42 

—004 

+ 0*06 

Maia 

20 

+ 083 

— 0*21 

+ 0*10 

+ 0*24 

-1*50 

+ 0*07 

-o-68 

—070 


21 

+ 0*05 

-0*37 

—0*26 

— 0*19 

-0-27 

+ 0*10 

+ 0*02 

—0*05 

Asterope ic 

22 

+ 0*08 

-o *43 

+ 0-54 

+ 0-06 

-015 

— 0-09 

+ o *55 

+ 0*10 

„ l 

23 

— Oil 

— 0*58 

+ 004 

— 0*22 

— 0-22 

+ 0-65 

+ 0*16 

+ 0-20 


24 

— o*i8 

+ 0*32 

+ 0*02 

+ 0*05 

-0-15 

— 025 

-0*15 

—0*18 


25 

+ 0*29 

+ 0*28 

4 0-17 

+ 0-25 

— 018 

— 008 

+ 0-07 

—006 

Merope 

26 

+ 1 00 

1 

q 

+ 0*15 

- 0-31 

-0-38 

-0*56 

+ 0*72 

—0 07 


27 

-0*38 

— 0*41 

— 0-02 

— 0-27 

— 0-12 

+ 0*41 

+ 0*03 

+ 0*11 


28 

-0*32 

— 0*24 

-0*56 

-0-37 

+ 023 

4 0*62 

+ 0'20 

+ 0*35 


29 

— 0*12 

+ 0‘60 

— 0*19 

+ O-IO 

— O-OI 

+ o-88 

+ O-32 

+ 0*40 


30 

— 0*28 

+ 0*46 

+ 0*16 

+ 0*11 

+ 0-02 

+ 0-34 

+ 0-27 

+ 0-21 


32 

-0*13 

+ 0*64 

-0-08 

+ 0-14 

+ 0 50 

+ 0-53 

+ 0’65 

+ 0-56 
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Name or No. in 
Elkin, 

Plate 

252 

Plate 

259 

Plate 

294 

r x 

Mean. 

Plate 

252 

r v 

Plate 

259 

T 

V 

Plate 

294 

r y 

Mean. 


33 

It 

— 0-25 

n 

+ 037 

It 

- 0-35 

— 0 08 

n 

-0-47 

+ 0-18 

n 

+ 013 

it 

— 005 


34 

+ o *37 

+ 067 

+ 0-26 

+ 0-43 

-0-15 

— O'O 7 

— 0-07 

— O'lO 


35 

+ 0-43 

-0-35 

+ 0*33 

+ 0*14 

— 010 

— O'OI 

— 0-20 

—010 


36 

+ o-6o 

+ 0 71 

+ 0-40 

+ 0 *57 

+ 0*62 

+ 0-47 - 

— 0'04 

+ 0*35 


37 

+ 0*91 

+ 0*45 

+ i'ii 

+ 0*82 

+ °'45 

-0*02 

+ 0'04 

+ 0'i6 


38 

+ 0-37 

— 0-42 

+ 0-39 

+ 011 

- 0'43 

— O'lO 

+ o*o8 

- 0*15 


39 

+ 0*02 

+ 0-23 

-070 

-008 

O’OO 

— 0'05 

+ 0*64 

+ 0'20 


40 

- 0*43 

— 0*13 

-0-43 

- 0-33 

+ 0*51 

+ 0+6 

+ 004 

+ 0*24 



+ 0-65 

+ 0*13 

— 0-03 

+ 025 

-003 

— 064 

-0-24 

-0'30 


42 

0-48 

+ 0*05 

— o*o8 

~o-17 

-005 

-0-47 

+ 0*20 

-O'H 


43 

— o-i8 

+ o'o8 

— 0-18 

— 0-09 

— 0 07 

— 0-07 

+ 0'05 

— 0-03 


44 

— 0-07 

-038 

+ 0-17 

-0*09 

-008 

+ 0-40 

+ OII 

+ 0-15 

Alcyone 


+ 025 

-o -55 

+ 005 

-008 

— 0-65 

+ °’35 

— O'lO 

-0*05 


46 

— 0-90 

- 0-46 

-0-44 

— o*6o 

+ 0-38 

+ 007 

+ 002 

+ o-i6 


47 

+ 0-64 

— 0*08 

+ 0*05 

+ 0*20 

+ 0-52 

— 0*17 

+ 0-13 

+ o-i6 


49 

— 0*02 

— 0-17 

— O'lO 

— 010 

+ 0-07 

+ 0-17 

— o*i6 

+ 0-03 


50 

- 0’33 

-0-47 

— 0'22 

-o *34 

+ 0-14 

-031 

— 0*17 

— O'H 


5 i 

0*00 

+ o*88 

+ r8o 

+ 0-89 

-0*13 

— 010 

— 0-26 

— o-i6 


52 

+ 0*16 

+ 0*12 

+ 002 

+ 0 10 

+ 006 

— 0*05 

— 0-28 

-009 


53 

— 0*04 

— 0*04 

— O'11 

— o-o6 

— 0-24 

+ 0*46 

+ 0-06 

-t o'09 


54 

— 0*48 

+ 0-07 

— 0 11 

— 0-17 

+ 0*21 

+ 054 

+ 0-31 

+ o - 35 

Atlas 

55 

+ 003 

+ o-J 3 

+ 0-34 

+ 0-17 

+ 0*14 

-028 

— 0*25 

— 0*13 

Pleione 

56 

— 0*14 

-o *57 

-003 

— 0*25 

+ 0-33 

— 0'20 

+1 09 

+ 0-41 


57 

— 0*10 

+ o*i6 

+ 0'2I 

+ 009 

+ 0*42 

+ 0'20 

+ 0-26 

+ 0-29 


58 

— 0*05 

-071 

-O'11 

— 022 

+ 0-09 

+ 0*19 

+ 0-19 

+ o*i6 


59 

— 0'12 

— 018 

+ 0*10 

-007 

+ 0-36 

+ 0*35 

-0 34 

+ 0*12 


60 

— 070 

-063 

— 0-20 

-0-51 

+ 0-24 

+ 0-47 

— 006 

+ 0*22 


61 

+ 0-46 

+ 0-28 

... 

+ 0-37 

+ 0-54 

+ 0-03 

... 

+ 0*28 


62 

— 005 

+ 0-41 

+ C46 

+ 0-27 

+ 0-25 

+ 0-30 

-0-15 

+ 0-13 


63 

+ 012 

+ 0-94 

— O'lO 

+ 032 

— 008 

-029 

— 0-46 

— 0-28 


64 

+ OT5 

— 0-24 

- 0-33 

— C14 

-0-52 

-0-99 

1 

0 

vo 

00 

-0-83 


65 

+ 070 

-0-29 

-Oil 

+ 0 'IO 

+ 0-42 

+ 0-14 

— 0 21 

+ 0'I2 


66 

— 0*41 

+ ro6 

-0-03 

+ 021 

+ 0-28 

— 04.1 

— 005 

— OO6 


15. Since my conviction that the above process is as valid 
as it is simple may not be shared by others, it would seem 
advisable to add a few words in defence of the process. 

16. The most striking difference between the above method 
of reduction and those commonly employed is that in the latter 

0 o 
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various corrections, such as those for refraction and aberration, 
are first applied to the measures ; that the scale value and orien¬ 
tation of the plate are also separately considered and the proper 
corrections applied; while in the above reductions all these are 
(not neglected, but) deduced en bloc from the measures them¬ 
selves. 

17. Let us consider this difference a little more in detail. 

If x and y be the measured coordinates of any star, the 
refraction correction may be expressed by the formula 

$!# = Rj# + R 2 y, 5,y = E3^ + R 4 y. 

Various expressions may be given for R 1} R 2 , R3, R 4 , but it is only 
necessary to note that they are constant over the plate, the 
zenith-distance not being too large. 

Similarly the corrections for aberration, &c., may be written 

5.yX = Aja: + A 2 y, = A^x + A 4 y. 

The correction for scale value may be written 

d 3 x = Sx, 

if we consider the scale value equal in all directions; and that 
for orientation 

<5 4 a? = M:r + Ny, 3^ = — Nx + My, 

where 

M 2 + N 2 =i. 

Finally, the correction for error of centring is 

5 5 # = F, 

assuming that the plate is normal to the axis of the telescope. 

Thus the ordinary process of direct correction for such 
systematic errors would reduce our measures x and y to the 
following corrected values : 

X=a? + (R 1 + A 1 + S + M>r + (R 2 + A 2 + N)y + F \ 

Y=y + (E,+ A I -N)x + (B 4 + A 4 + S + M)y + GJ ' ‘ ‘ ^ 

18. If all the quantities R,R 2 . . , A X A 2 . . , S, M, N are 
considered completely determined, then the measures are now 
finally corrected, and the residuals obtained by converting them 
into R.A. and X.P.D. and comparing them with known stars 
must be considered free from systematic error. But though the 
coefficients RjR 2 • • and AjA 2 . . may be calculated with suf¬ 
ficient accuracy, this is generally not the case with S, M, and FT. 
It is very difficult, if not impossible, to determine the scale value 
of the plate and its orientation independently of the measures 
made on the actual stars. In short, most investigators 
have hitherto considered that the above corrected measures, 
X and Y, are affected with small systematic errors r l x + r 2 y + r 3 , 
r 4 x -f- r s y + r 6 , the coefficients r lf r 2 , <fcc., being determined from 
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of Photographs of the Pleiades. 


5 °! 


the known stars. They have, in fact, solved a series of equations 
of the form 


r^ + rg + r^X- 1 
UX + r^ + r^ Y-7) 


where £ and rj are, as above, the coordinates of the known stars. 

19. Now, once the necessity for this final correction of the 
plate is admitted, the labour expended in applying the above 
direct corrections as a preliminary must rank as useless. If we 
form, as above, the differences x —f, y —^between the uncorrected 
measures x, y and the known coordinates £, r\ and solve the 
equations 

.( 3 ) 

s 4 a? + s 5 y + s 8 =y-7jj 


by the same process (of least squares or otherwise) by which we 
ultimately solve equations (2), we should find 

s 1 - r i — (®i + A, + S + M)' 
s 2 = r 2 — (R 2 + A 2 + N) 


&c. J 

that is to say, the total corrections applicable to the measures 
would be found exactly the same as before. We can see this at 
once by substituting for X, Y on the right of equations (2) their 
values from equations (1), thus obtaining 

+ r 2 y + r 3 = x — £ + (R, + A, + S + M) a? + (R 2 +Ag + N)y + R 
r 4 .r + r$j + r 6 = y — tj + (R 3 + A s - N)ar + (R 4 + A 4 + S + M)y + Gr, 

which may be rewritten 

{?*, — (Rj + Aj + S + M)}# 4- {r 2 —(R 2 + Ag + N)]y + r 3 —R = x — J 

and 


{r 4 —(Rg +A s —N)}^+ {r s — (R 4 + A 4 + S + M)}y + r,j — G=y—7j, 
and on comparing these with equations (3), viz,, 

Sia? + s 2 2/ + s 3 = ar-£ 

8 4 x + fi s y + s 6 =y-7j 

we see that 

= ?*, — (Rj + Aj + S + M) 
s 2 = r 2 — (R 2 + A 2 + N) 

&c. &c. 

Hence, as far as the final correction of the plate is concerned, we 
get precisely the same result by solving equations (3) at once as 
by laboriously first correcting the measures and then treating the 

002 
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residuals ; provided always that we cannot satisfactorily deter¬ 
mine the scale value and orientation independently of the mea¬ 
sures themselves. 

20. It is my own opinion that the scale value and orientation 
can not be determined satisfactorily independently—that is to 
say, from other plates ; and I think this opinion is shared by 
others who have discussed such measures, especially MM. 
Loewy and Bakhuyzen. 

By “ independently ” I should understand “ from measures 
made on other plates ” ; for it is to be remarked that anything 
attaching to the same plate can be included in the equations (3), 
with any weight considered advisable. For instance, a star trail 
which might be considered a determination of orientation inde¬ 
pendent of the measures is merely a series of stars of the same 
declination, and will furnish equations to determine s ly s 2 , s :i , Ac., 
which may be included in the set (3). Similarly, if an experi¬ 
ment is made for scale value by impressing two images of the 
same star on the plate at a known interval, we have practically 
two known stars to be included in equations (3) instead of one. 

21. It is to be further remarked that it is quite easy when 
once the coefficients s l , s 2 , s 3 , &c., are obtained to analyse them 
into their constituent parts r l} B, 1? A l3 S,M &c., if so desired. 
The coefficients R, t R 2 . ., and A! A 2 '. . must be calculated from 
the data as to the taking of the plate, and applied to s l9 s 2l &c.> 
so that we find 

[5j + Rj + Aj] = — (S + M) 

[s 2 + R 2 + A 2 ]=r 2 -N 

[s 4 + R 3 +A 3 ]=r 4 + N 
[s 3 + R 4 + AJ = r 3 — (S + M) 

[ 5 J = r 6 -G. 


If we assume r x = r 2 = r 3 = r 4 = r 5 = r 6 = o, that is, that all 
the systematic errors are attributable to error of centring, orien¬ 
tation, and an unknown but uniform scale value, we have F and 
G determined ; and four equations to find the two quantities 
S + M and N. 

If, however, we admit that the scale value may be different 
in different directions, we cannot separate the scale value frcm 
the orientation, and some of the small quantities r l5 r. 2 , r 4 , r 7) must 
be retained. If the quantities in square brackets are found to 
be the same for different plates, we may assume that the scale 
value and orientation have remained sensibly constant. 

22. The values of the coefficients in Table III. are deduced 
from a few selected stars only, which may be affected with large 
accidental errors or with large proper motions ; and hence the 
resulting formulae may nob be the best for the w T hole plate. But 
it is a well-known characteristic of linear equations that one 
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solution may be readily added to another, and hence we can 
improve our solution by treatment of the residuals given in 
Table IV. to any extent we choose. 

For example, let us divide the stars not used in the above 
solution into four groups as follows— 

Group V.: ( x -, y + ); Nos. 10, 14, 17, 18, 19,20, 22, 23, 24, 25, 27, 33,35 
Group VI.: (# —, y -) ; Nos. 8, 26, 28, 29, 32, 36 
Group VII.: 0 + , y -); Nos. 39, 42, 51, 54, 57, 62, 66 
Group VIII.: (* + ,?/+); Nos. 37, 38, 44, 49, 50, 52, 53, 58, 59, 61, 65 

and form the mean coordinates and residuals for these groups, 
we find 


<Jroup. Mean £. Mean 77. 

/ / 

V. —19-428 +15-125 

VI. —13 35S -15-408 

VII. +16957 -19-453 
win. +14-054 +11*769 


Table V. 

Mean x Residual. 

Plate Plate Plate Mean 

252. 259. 294. Plate. 

n // // // 

— 001 —0-23 —009 — Oil 
+ 0-17 +0-21 —002 +0-12 

— 0 21 +04I +0*25 +0-15 
+ 0-18 —0-15 +o-ii +0*05 


Mean y Residual. 

Plate Plate Plate Mean 
252. 259. 294. Plate. 

// // // it 

— 0-37 +0-04 —002 — 0*12 
+ 0*13 +0*29 +0-19 +0*20 
+ 0*14 0*00 +0*14 +0-09 

+ 0-13 + o*ii -0*07 +0-06 


23. Let us now assume that these residuals can be corrected 
by an expression of the form y 4- a£ + fiq : then for the x resi¬ 
duals we have 4 equations (one for each group), to determine 
a and for each plate. The equations from the first two groups 
are 

7— 19*428 0+15*125 / 3 = — o"*oi, — o"*23, or — o"*09 respectively, 

-and 


7 — 1 3'358 a—15*408 18= +o"*i7, +o // *2i, or — o”*02 respectively. 

■Subtracting to eliminate y we have 

— 6*i 0 + 30-5 ) 3 = — o''*i8, —o"44, or — o”*o7 respectively. 

•Similarly from Groups VII. and VIII. we get 

— 2-9 0 + 31*1 j8= +o"-39, — o"‘56, or —o”* 14 respectively. 

Now the coefficients of these two equations are so nearly similar 
that, unless [3 is very small and « large, the quantities on the 
right ought to agree well if they denote real systematic errors. 
.A difference such as that between — 'AS and + must mean 
that the errors are largely accidental. 

Similarly, forming equations VIII.-V., and VII.-VI., we get 

+ 33*5 0—3*4 £= +o"*i9, +o"-o8, or +o"*20 
+ 30*3 a-4*o )8 = -o"* 38, +o"*20, or +o"*27. 
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And if we take the y residuals we get the following six pairs of 
quantities, which should, but do not generally, agree : 

— 0-50, -0*25, or —0*21 (V.-YI.) +0*50, +0-07, or —0-05 (VIII.-Y.) 

-o-or, + 011, or -0 21 (YIII.-VII.) +001, -0-29, or -0-05 (YII.-VI.) 

It seems almost unnecessary, therefore, to solve these equations,, 
as it would appear that the limit of accuracy has been nearly 
reached. 

24. It must be remembered that the errors of the reseau y 
the tilt of the plate, and the optical distortion have been 
neglected. There are also several other directions in which tlm 
measures under discussion might be improved which it is not 
necessary to discuss here. The present investigation is not in¬ 
tended to show the limit of accuracy which may be obtained 
from a photograph ; rather is it intended to point out that, 
with labour which (in my opinion) considerably exceeds that 
which can be afforded for the measurement of a plate for the 
Astrographic Chart, we must be content to accept accidental 
errors of at least rto"^. How far these errors may be reduced 
by refined investigations is a question of the utmost importance, 
but one which those concerned with the completion of the Astro- 
graphic Chart must (in my opinion) resolutely put aside for the 
present. 

25. On the other hand, I consider that it is shown by the 
above and similar discussions how very rapidly stellar positions- 
may be obtained from the plates with an accuracy of about 
±o"*5o. After all, this does not compare unfavourably with the 
accuracy of the meridian observations which must form our basis- 
of operations ; and in the work for the Chart it is important to 
remember that the saving of a single figure for each star reduces 
the labour appreciably. 

26. It is in favour of the work on the Chart plates that this 
investigation is here terminated for the present. 


Photograph of the Cluster IjJ VI. 37 Argus. 

By Isaac Roberts, D.Sc., F.R.S. 

The photograph of the cluster JJ[ VI. 37 Argus , R.A. 7 h 55 m r 
Decl. io° 2o / south, was taken with the 20-inch reflector on 1894 
February 27, with exposure of the plate during 90 minutes, and 
the copy now presented is enlarged to the scale of 1 millimetre 
to 24 seconds of arc. 

The cluster is No. 2,506 in the New General Catalogue and 
No. 1,611 in the General Catalogue , where (p. 75) Sir J. Herschel 
describes it as pretty large, very rich, compressed, stars 11-20- 
mag. 


© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 


Downloaded from http://mnras.oxfordjournals.org/ at Ritsumeikan University on June 27, 2015 





